Objective: Timing of extubation after open aortic procedures varies across hospitals. This study was designed to examine extubation timing and determine its effect on length of stay (LOS) and respiratory complications after elective open aortic surgery.
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confounding factors at the patient and procedure level. A variable importance analysis was conducted using a chi-pie framework to identify factors contributing to the variability of extubation timing.
Results:
The 7171 patients undergoing abdominal aortic surgery were a mean age of 65.4 (standard deviation, 10.2) years, and 63% were male. Extubation occurred (1) in the operating room (76.3%), (2) <12 hours (10.9%), (3) 12 to 24 hours (7.2%), or (4) >24 hours (5.6%) after surgery. Hospitals in the top quartile for case volume had the highest percentage of patients extubated in the operating room (82.8%). Patients least likely to be extubated in the operating room were older, more likely to have chronic obstructive pulmonary disease, require vasopressors, have higher estimated blood loss (EBL), and longer procedure times. After adjustment for patient, procedure, and institutional factors, delayed extubation was associated with prolonged LOS (<12 hours: odds ratio [OR], 1.4; 95% confidence interval [CI], 1.2-1.7; 12-24 hours: OR, 2.1; 95% CI, 1.7-2.7; >24 hours: OR, 5.3; 95% CI, 4.0-6.9), and pulmonary complications (<12 hours: OR, 1.9; 95% CI, 1.4-2.6; 12-24 hours: OR, 2.6; 95% CI, 1.8-3.6; >24 hours: OR, 9.6; 95% CI, 7.1-13.0) compared with those extubated in the operating room. Subset analysis of patients extubated in the operating room or <12 hours showed that extubation out of the operating room was associated with prolonged LOS (OR, 1.4; 95% CI, 1.2-1.7) and pulmonary complications (OR, 1.8; 95% CI, 1.3-2.5). The variable importance analysis demonstrated that EBL (26%) and procedure time (24%) accounted for half of the variation in extubation timing.
Conclusions: Extubation in the operating room is associated with shorter LOS and morbidity after open aortic surgery. EBL, procedure time, and center variation account for variability in extubation timing. These data advocate for standardized perioperative respiratory care to reduce variation, improve outcomes, and reduce LOS. Open aortic surgery remains the most durable procedure for patients with abdominal aortic aneurysms (AAAs) or aortoiliac occlusive disease (AIOD) and does not involve the level of intensive follow-up required for endovascular procedures; however, these procedures are becoming less common among patients with suitable anatomy for endovascular repair. The advantages of shorter length of stay (LOS) and recovery time make endovascular repair an appealing option for many patients, although the total cost of care is not always lower compared with open aortic surgery. [1] [2] [3] [4] [5] [6] Identifying measures that may reduce LOS, hasten recovery, and make open surgery less resource intensive is important. Many postoperative aortic care practices remain poorly standardized, resulting in variation across centers. This includes the practices and protocol for extubation after surgery. Many patients may be routinely extubated in the operating room, and others are transferred to an intensive care unit (ICU) intubated for later extubation. Data on early vs late extubation of cardiac surgery patients after cardiopulmonary bypass has demonstrated significant reductions in ICU hours, postoperative LOS, and a >20% reduction in cost without an increase in reintubation rates. 7 In comparison, there is a paucity of data for vascular surgery patients undergoing elective open aortic procedures. 8, 9 Extubation timing practices may be an important target for reducing LOS and complications from open aortic surgery. The aim of this project was to examine variation in extubation timing and determine its effect on LOS and respiratory complications after elective open aortic surgery. We hypothesized that extubation in the operating room is driven by a combination of modifiable procedure variables in addition to patient factors, such as pulmonary disease, and is associated with improved outcomes. Identifying the factors associated with early extubation may result in quality improvement initiatives targeting extubation practices for open aortic surgery. 10 Registry data from the SVS-PSO are compared with hospital claims in annual audits, and missing cases are retrieved to track all procedures.
METHODS

11
Because of the deidentified nature of the SVS-PSO data set, the Mayo Clinic Institutional Review Board exempted the study from review and waived the need for patient consent.
We excluded all cases before October 2010 to represent a contemporary practice. All urgent and emergency cases, including ruptured aneurysms, were excluded from the study. Other exclusion criteria were any patients undergoing concomitant infrainguinal bypass or where concomitant infrainguinal bypass status was unknown, patients who had prior vascular aortic surgery for aneurysmal disease, cases where supraceliac clamping was performed or clamp position was unknown, cases where the timing of extubation was not recorded, and patients who had a prolonged hospital LOS >7 days before surgery, suggesting multiple active medical comorbidities or complex presentation requiring an acute workup. Only the first procedure for each patient was included in analysis.
Exposure variables. Patients were stratified into exposure groups by timing of extubation, defined as (1) in the operating room, (2) <12 hours, (3) 12 to 24 hours, and (4) >24 hours after surgery.
Each patient was risk stratified by a combination of operative factors and patient comorbidities. Operative factors that are indicative of case complexity included in our analysis were estimated blood loss (EBL), procedure time, use of blood products, postoperative vasopressor requirement, and proximal clamp position for OAR patients. Patient factors and comorbidities included age, gender, presence of coronary artery disease (CAD), with or without revascularization, prior coronary revascularization, chronic obstructive pulmonary disease (COPD), smoking, hypertension, congestive heart failure (CHF), chronic kidney disease, ambulatory status, preadmission living location, preoperative stress test, and preoperative medication use. Lastly, data related to institutional factors included the average number of OARs and suprainguinal bypasses for AIOD that are performed at each center within 1 year. All covariate factors were preoperative, intraoperative, or center level to allow our analysis to focus on defining determinates of intraoperative extubation and the effect of this on respiratory complications and LOS. Postoperative complications were not included in our analysis given this intent.
Outcome variables. Our primary outcome was prolonged LOS (>7 days after surgery). Our secondary outcome was pulmonary complication (pneumonia/ reintubation). Pneumonia was considered present if the patient required treatment with antibiotics and there was a diagnosis in the medical record of pneumonia using the accepted individual criteria, which may include clinical status, physical examination, findings on chest X-ray imaging, white blood cell count, or culture. Reintubation was defined as ventilator requirement after initial extubation.
Statistical analysis. Patient demographics, operative factors, institutional factors, and extubation timing were compared with our primary and secondary outcomes and extubation timing using the c 2 test for categoric variables or the Student t-test for continuous variables. Variables of clinical significance and those with a value of P <.01 by univariate analysis were included in multivariable logistic regression mixed-effects models of the primary and secondary outcomes.
Center was included as a random effect to permit variability of the intercept at each center. Age and average annual center case volume were categorized by quartiles. Renal function was estimated by calculating the estimated glomerular filtration rate (eGFR) by using preoperative creatinine by the Modification of Diet in Renal Disease formula 12 and categorized into groups (eGFR $90, 60 to <90, 30 to <60, 15 to <30, and <15 mL/min/1.73 m 2 or on dialysis).
To help identify the main factors associated with extubation in the operating room, a third multivariable logistic regression mixed-effects model was developed, where the outcome was extubation in vs out of the operating room. A variable importance analysis was then conducted using the chi-pie framework discussed by Knaus et al 13 and Seneff et al 14 to identify factors contributing most to the variability of extubation timing in the operating room vs out of the operating room. Because of the potential for unmeasured confounding in extubation timing, a stratified subset analysis was also performed for each outcome. This was done by including only patients extubated in the operating room or #12 hours from surgery and excluding all patients extubated >12 hours from surgery. The remaining subset represents a group of patients who potentially could have all been extubated in the operating room. Similar mixed-effects multivariable modeling for each outcome was performed in this subset analysis.
Sensitivity analyses of each outcome (LOS, pulmonary complications, and extubation in the operating room) were performed for OAR and suprainguinal bypass patients. P values of <.05 were considered significant. Analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, NC) and R 3.1.1 (R Foundation for Statistical Computing, Vienna, Austria) software.
RESULTS
Patient cohort and extubation timing. Of 7171 patients identified during the study period, OAR was performed in 2687 (37.5%) and suprainguinal bypass for AIOD was performed in 4484 (62.5%). Patients were a mean age of 65.4 (standard deviation, 10.2) years, and 63% were male. When patients were compared by procedure type, the OAR group had a more significant male predominance (72% vs 58%; P < .001) and was older (mean, 69 vs 63 years; P < .001) than the suprainguinal bypass group. An analysis of the comorbidities showed that CAD and COPD were equally prevalent in both groups. Patients undergoing OAR had higher prevalence of hypertension, prior coronary revascularization, abnormal result on stress testing, and lower renal function. They were more likely to be living at home and be on b-blockers and statins. Patients undergoing surgery for AIOD had higher rates of CHF, antiplatelet use, and were less likely to be ambulatory at the time of surgery. A suprarenal (inframesenteric) clamp was required in 41% of OAR patients (Table I) .
ARTICLE HIGHLIGHTS
Extubation for all patients occurred (1) in the operating room (76.3%), (2) <12 hours (10.9%), (3) 12 to 24 hours (7.2%), and (4) >24 hours (5.6%) after surgery. When separated by procedure type, a greater proportion of the patients undergoing suprainguinal bypass were extubated in the operating room than patients undergoing OAR (84.3% vs 63.1%; P < .001). Across the VQI, there was considerable variability in extubation in the operating room, ranging from 0% to 100% of cases at each center (Fig 1) .
Prolonged LOS (>7 days). Delayed extubation out of the operating room was associated with a progressively (Table II) . A sensitivity analysis for OAR cases only showed extubation at <12 hours vs in the operating room was not associated with prolonged LOS (OR, 1.2; 95% CI, 0.9-1.5), but extubation >12 hours remained significantly associated with prolonged LOS. Also for OAR cases only, EBL was not associated with prolonged LOS. For suprainguinal bypass cases, all extubation out of the operating room and increasing EBL were associated with prolonged LOS.
Pulmonary complications (reintubation and pneumonia). Similarly, the likelihood that pulmonary complications (pneumonia or requiring reintubation) would develop during the same hospitalization was also increased with delayed extubation after surgery: in operating room, 4.1%; <12 hours, 9.4%; 12-24 hours 13.6%; and >24 hours, 42.4% (P < .001). On univariate comparison, factors that were associated with pulmonary complications were similar to those for LOS. Factors that were associated with pulmonary complications included procedure type (OAR), vasopressor requirement postoperatively, higher EBL, increased transfusions, longer procedure times, CAD, COPD, smoking, CHF, hypertension, renal dysfunction, advanced age, and b-blocker use (Supplementary Table II , online only). After adjustment for these factors, the odds of having a pulmonary complication was significantly higher for (Table III) . Sensitivity analysis did not identify major changes in these findings.
Subset analysis of patients extubated #12 hours. To limit the potential for unadjusted confounding from highly complex cases in the outcomes of prolonged LOS and pulmonary complications, a subset analysis was performed with only patients extubated in operating room or <12 hours, assuming those extubated <12 hours postoperatively might have been able to be extubated in the operating room as well. When our analysis was limited to this subset, extubation out of the operating room but #12 hours was still associated with increased LOS >7 days (OR, 1.4; 95% CI, 1.2-1.7; Supplementary Table III, online only) and pulmonary complications (OR, 1.8; 95% CI, 1.3-2.5; Supplementary Table IV, online only).
Determinates of extubation in the operating room. Because the timing of extubation was significantly associated with both prolonged LOS and pulmonary complications, we sought to identify potential patient and contextual factors associated with extubation in the operating room vs out of the operating room. Univariate factors associated with extubation out of the operating room were vasopressor use, higher EBL and procedure time, increasing age, CAD, COPD, hypertension, prior coronary revascularization, CHF, and renal dysfunction. Univariate analysis showed early extubation rates were similar across quartiles of volume (Supplementary  Table V , online only); however, multivariable analysis found the center with the highest quartile of annual cases (>34 per year vs <14 per year) was associated with more frequent extubation in the operating room (OR, 3.0; 95% CI, 1.4-6.4). Surgeon volume was not associated with extubation in the operating room.
Other patient factors associated with higher odds of extubation in the operating room included preoperative statin use and stress test not performed (Table IV) . OAR procedure type, vasopressor use, higher EBL, longer procedure time, female sex, CAD, COPD, and hypertension were associated with lower odds of extubation in the operating room. Findings were similar when the analysis was limited to only patients extubated in operating room or <12 hours (Supplementary Table VI, online only). A variable importance analysis using the chi-pie framework was performed to identify the factors most responsible for extubation out of the operating room. This analysis showed EBL (26%), procedure time (24%), and vasopressor requirement (14%) accounted for more than half of the variability in extubation timing. Patientrelated factors (eg, COPD, etc) accounted for only 15% of the variation. Procedure type (12%), region (6%), year (2%), and annual case volume (1%) were responsible for 21% of the variability (Fig 2) . Sensitivity analysis did not identify major changes in these findings.
DISCUSSION
Our data demonstrate that timing of extubation is an important factor associated with the hospital LOS as well as with pulmonary outcomes after aortic-based surgery. In addition, extubation in the operating room is highly variable and is related to patient and operative factors. Our data demonstrate that delayed extubation out of the operating room is associated with a significantly higher odds of a prolonged LOS compared with patients who were extubated in the operating room, particularly for suprainguinal bypass. Moreover, patients who were extubated out of the operating room had higher odds of developing pulmonary complications, including pneumonia or reintubation. Both of these findings remain true even when we limited our analysis to patients extubated in the operating room or #12 hours. This may be a reflection of the relative stability of the (Continued on next page) patients in the former group, which had overall a lower mean EBL (706 mL vs 1298 mL) and mean total procedure time (217 minutes vs 259 minutes). Nevertheless, our overall and stratified multivariable analysis both demonstrate that the association between timing of extubation and prolonged LOS and pulmonary complications appears independent of other important factors such as increased EBL, total procedure time, and postoperative vasopressor requirement. In our analysis of the factors most associated with extubation in the operating room, EBL and procedure time remain dominant factors, and patient-related factors appear to account for less of the variation. This likely represents an improvement in the medical optimization of patient comorbidities and further stresses the need to continue refining operative technique and perioperative patient management. The observed difference in early extubation rates between those undergoing suprainguinal bypass vs OAR is likely due to differences in lower EBL (559 mL vs 1542 mL) and shorter total procedure time (229 minutes vs 240 minutes) in the suprainguinal bypass group. In addition, one would expect fewer hemodynamic changes when cross-clamping an aorta in a patient with chronic occlusive rather than aneurysmal disease, although this is not a parameter that can be easily measured.
Timing of extubation is an area that has previously been studied in cardiac surgery patients undergoing cardiopulmonary bypass. Badhwar et al 7 examined the outcomes and compared the costs of extubation in the operating room vs early extubation in the ICU after elective open cardiac surgery. They found that extubation in the operating room resulted in a >20% cost reduction for the entire hospital stay compared with early extubation in the ICU with no effect on the reintubation rate. 7 Although our patient populations are similar, there is a paucity of data for vascular surgery patients. [7] [8] [9] 15 Various centers have published protocols for perioperative management after OAR with the goal of shortening LOS while maintaining patient safety. 16, 17 Ours is the first large study focusing specifically on timing of extubation for this patient population. 9 Previous literature describing comparative costs of endovascular AAA repair (EVAR) vs OAR have shown that EVAR can be cost-saving in the short-term mainly due to the significantly shorter hospital LOS, but there are conflicting data regarding the longterm cost-effectiveness of EVAR as a result of surveillance and reintervention costs. 2, 4, 6 By further helping to decrease the costs and LOS for OAR and suprainguinal bypass, we can further decrease this disparity and make open abdominal procedures more comparable to endovascular procedures. Our findings that extubation out of the operating room is associated with longer LOS and pulmonary complications are similar to a recent report by Zettervall et al. 18 Using the Vascular Study Group of New England data set (a regional VQI group), they demonstrated that for both EVAR and OAR, extubation out of the operating room was associated with a stepwise increase in the odds of longer LOS and pulmonary complications. They also studied operative mortality, which was not different based on extubation timing. They noted that delayed extubation was associated with reduced odds of discharge to home.
Our study adds to their work due to several important differences in patient populations and methods. They studied OAR and EVAR populations, whereas we focused on only open aortic surgery (OAR and suprainguinal aortic based bypass) because we felt that aortic-based operations for aneurysmal or occlusive disease had the highest yield to assess for variability in extubation timing. However, our sensitivity analysis did not show a significant effect on extubation done #12 hours postoperatively for OAR patients. This may be due to lower power in this subanalysis, differences between aneurysmal and occlusive disease cases, or other drivers of LOS, such as ileus or postoperative complications, and will need further study.
In addition, our analysis was for all VQI centers and regions, allowing for a better assessment of national variability in practice. We also sought to define the factors that are most associated with the choice to extubate out of the operating room to identify those factors that may be modifiable. Although our studies had some differences, our findings and conclusions are similar, which potentially strengthens the findings of each. Open aortic-based operations in vascular surgery are being performed less frequently and are often compared The VQI data show considerable variability in extubation in the operating room for aortic cases, ranging from 0% to 100% of cases (Fig 1) . Defining the effect of this variation on the outcome is difficult. We used a random-effects model in our analysis to account for center-level variation rather than a fixed-effects approach. With this approach, we anticipate that there is variability at the center level of the analysis. We are able to adjust for this variability in the model and more appropriately identify other associations in the model. A fixed-effects model would assume all centers are similar. This approach then allows us to test the variability across centers. The random effect of center had an estimated standard deviation of 0.97 (eg, OR of 2.64 for two centers that are one standard deviation unit apart; P < .001), indicating that there are substantial differences among the centers. We also analyzed our data using a fixed-effects multivariable logistic model for extubation in the operating room. When this was done, VQI region accounted for 27% of the variability in extubation in the operating room, but this decreased to 6% when we used the mixed-effects model. Based on the baseline variability, we suspect it is highly likely that there is considerable center variation that can be seen as variation at the regional level. This indirectly suggests that center level variability may also be a contributor to the overall variability in timing of extubation.
Our study has several limitations. Firstly, this represents a retrospective review of patients undergoing open aortic surgery. Thus, we cannot determine any cause and effect of extubation timing with our outcomes. However, as suggested, these finding mirror that of others, which strengthens our results.
Secondly, unaccounted for confounding factors might have affected our results. We have used all available data elements in the VQI for adjustment. We also performed a stratified analysis to see whether patients extubated very late due to profound complications might have biased our findings, and this was not the case. Nevertheless, there may be other pertinent variables, such as the development of a postoperative ileus or unidentified social factors, that can often drive prolonged LOS but are not accounted for in the VQI data. Socioeconomic status is another potential confounder that we were unable to account for. Indicators for socioeconomic status, such as a patient's ZIP code, were not included in the blinded data, and data on a patient's insurance provider were missing in 24% of the cohort and listed as Medicare for 35%.
Lastly, timing of extubation was limited to in the operating room, <12 hours, 12 to 24 hours, and >24 hours. We are not able to identify those extubated in the first few hours after surgery. This group may have similar benefit to those extubated in the operating room. Development of robust perioperative aortic protocols with further study may help determine the benefit that may be gained from early extubation.
CONCLUSIONS
These data demonstrate that extubation practices vary considerably for open aortic surgery among nationwide hospitals participating in the VQI. Extubation in the operating room is associated with shorter LOS and lower risk of pulmonary complications after open elective aortic surgery. Additional factors, such as procedure time and blood loss, appear to be major factors in this variability, whereas the contribution of patient factors is of less magnitude. This stresses the importance of technical execution for these cases. Because center variability may have a significant role in extubation timing, it is important to identify best practices that can be standardized across centers to reduce variation, improve outcomes, and reduce costs. The CME exam for this article can be accessed at http://www.jvascsurg.org/cme/home. 
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